. 1 Management of the difficult airway remains one of the most relevant and challenging tasks for anesthesia care providers. Claims involving airway management continue to comprise an important aspect of the ASA Closed Claims Project database, which tracks all anesthesiarelated insurance claims. 2 This review focuses on several of the alternative airway management devices/techniques and their clinical applications, with particular emphasis on the difficult or failed airway.
Alternative Airway Devices
A common factor preventing successful tracheal intubation is the inability to visualize the vocal cords during the performance of direct laryngoscopy. Many devices and techniques are now available to circumvent the problems typically encountered with a difficult airway using conventional direct laryngoscopy.
ENDOTRACHEAL TUBE GUIDES
A number of endotracheal tube (ET) guides ( * Confirm ventilation, tracheal intubation, or LMA placement with exhaled CO2. † Other options include (but are not limited to): surgery utilizing face mask or LMA anesthesia, local anesthesia infiltration, or regional nerve blockade. Pursuit of these options usually implies that mask ventilation will not be problematic. Therefore, these options may be of limited value if this step in the algorithm has been reached via the emergency pathway. ‡ Invasive airway access includes surgical or percutaneous tracheostomy or cricothyrotomy. § Alternative noninvasive approaches to difficult intubation include (but are not limited to): use of different laryngoscope blades, LMA as an intubation conduit (with or without fiber-optic guidance), fiber-optic intubation, intubating stylet or tube changer, light wand, retrograde intubation, and blind oral or nasal intubation.
II Consider repreparation of the patient for awake intubation or cancellation of surgery.
Critical Care), the Cook Airway Exchange Catheter EF (Cook Critical Care), and the Cook Airway Exchange Catheter EF Soft Tip (Cook Critical Care).
LIGHTED STYLETS
In the past several years, a number of lighted stylets have been developed, including light wands such as the Trachlight (Laerdal Medical Corp, Stavanger, Norway), and visual scopes, such as the Shikani Optical Stylet (SOS; Clarus Medical, Minneapolis), Flexible Airway Scope Tool (FAST; Clarus Medical), Levitan GLS (Clarus Medical), Bonfils Retromolar Intubation Fiberscope (Karl Storz Endoscopy, Tuttlingen, Germany/Culver City, Calif), and the Brambrink Intubation Endoscope (Karl Storz Endoscopy). Light wands rely on transillumination of the tissues of the anterior neck to demonstrate the location of the tip of the ET-a blind technique, unless combined with direct laryngoscopy (Table 2 ). 3, 4 The visual scopes, on the other hand, utilize fiber-optic imagery and allow indirect visualization of the airway. They also can be used alone or in conjunction with direct laryngoscopy.
RIGID LARYNGOSCOPES
It is beyond the scope of this review to discuss all of the laryngoscopes that have been manufactured; thus, only some of the most recently developed blades will be described. Modifications of traditional laryngoscope blades are primarily designed to overcome certain problems associated with difficult airway management, such as limited mouth opening, anterior larynx, sternal space restriction, small intraoral cavity, and immobile or unstable cervical spines (Table 3) . [5] [6] [7] [8] 
INDIRECT RIGID FIBER-OPTIC LARYNGOSCOPES
These laryngoscopes were designed to facilitate tracheal intubation in the same population that would be considered for flexible fiber-optic bronchoscopy, such as patients with limited mouth opening or neck movement. Relative to the flexible fiber-optic bronchoscopes (FOBs), they are more rugged in design, control soft tissue better, allow for better management of secretions, are more portable (with the exception of the new portable FOBs), and are not as costly. Intubation can be performed via the nasal or oral route and can be accomplished in awake or anesthetized patients (Table 4 ). [9] [10] [11] 
SUPRAGLOTTIC VENTILATORY DEVICES
The Laryngeal Mask Airway (LMA; LMA North America, Inc, San Diego) is the single most important development in airway devices in the past 25 years. Since its introduction into clinical practice, it has been used in more than 150 million patients worldwide with no reported deaths. 12 Several new variants of the LMA Classic, or standard LMA, are available, including the 
Special Airway Techniques

FLEXIBLE FIBER-OPTIC INTUBATION
Flexible fiber-optic intubation is a very reliable approach to difficult airway management and assessment. It has a more universal application than any other technique. It can be used orally or nasally for both upper and lower airway problems and when access to the airway is limited, as well as in patients of any age and in any position. Technological advances, including improved optics, battery-powered light sources, better aspiration capabilities, increased angulation capabilities, and improved reprocessing procedures, have been developed. Rescue techniques, such as direct laryngoscopy and placing a retrograde guidewire through the suction channel, may be used if the glottic opening cannot be located with the scope, or if blood or secretions are present. 18 Insufflation of oxygen or jet ventilation through the suction channel may provide oxygen throughout the procedure, and allow additional time when difficulty arises in passing the ET into the trachea. 19 
RETROGRADE INTUBATION
Retrograde intubation (Table 6 ) is an excellent technique for securing a difficult airway either alone or in conjunction with other airway techniques. 20 Every anesthesia care provider should be skilled in employing this simple, straightforward technique. It is especially useful in patients with limited neck mobility (ie, that is associated with cervical spine pathology, or in those who have suffered airway trauma). Recent advancements in the technique include the introduction of the Arndt Airway Exchange Catheter and needle holder to the preexisting retrograde intubation set.
TRANSTRACHEAL JET VENTILATION
Transtracheal jet ventilation (TTJV) is a well-accepted method for securing ventilation in rigid and interventional bronchoscopy ( Table 6) . 21 There are a number of commercial manual jet ventilation devices currently available, including the Manujet III Jet Ventilator (VBM Medizintechnik GmbH, Sulz, Germany), the Manual Jet Ventilator (Instrumentation Industries, Bethel Park, Pa), and the Jet Ventilator (National Anesthesia Associates, Inc, San Marcos, Calif). The Enk Oxygen Flow Modulator (Cook Critical Care) is a new device that is recommended for use when jet ventilation is appropriate but a jet ventilator is not available. 22 The Wadhwa Emergency Airway Device (Cook Critical Care) can also be used for TTJV. 23, 24 It is actually several devices in one ( Table 6 ). It has an emergency nasopharyngeal airway catheter; a large diameter transtracheal needle for a cricothyrotomy procedure with the option for TTJV; and the main body of the device, which acts as a blow tube or 15-mm adapter.
CRICOTHYROTOMY
Cricothyrotomy (Table 7) , a lifesaving procedure, is the final option for "cannot-intubate, cannot-ventilate" patients according to all airway algorithms, whether they concern prehospital, emergency department, intensive care unit, or operating room patients.
In adults, needle cricothyrotomy should be performed with catheters at least 4 cm and up to 14 cm in length. A 6-Fr reinforced fluorinated ethylene propylene Emergency Transtracheal Airway Catheter (Cook Critical Care) has been designed as a kink-resistant catheter for this purpose.
Percutaneous cricothyrotomy involves using the Seldinger technique to gain access to the cricothyroid membrane. Subsequent dilation of the tract permits passage of the emergency airway catheter. The Melker Cuffed Emergency Cricothyrotomy Catheter Set is available with a 5.0-mm cuffed airway catheter (Cook Critical Care). A Portex (Smiths Medical) emergency cricothyrotomy kit is available (United Kingdom only) that uses a Veress needle and integral dilator to insert a 6.0-mm cuffed ET. The QuickTrach (VBM Medizintechnik GmbH) is available for children and adults in 2.0-mm and 4.0-mm IDs, respectively. Surgical cricothyrotomy is performed by making incisions through the cricothyroid membrane using a scalpel, followed by the insertion of an ET. This is the most rapid technique and should be used when equipment for the less invasive techniques is unavailable and speed is particularly important.
TRACHEOSTOMY
Tracheostomy (Table 8 ) establishes transcutaneous access to the trachea below the level of the cricoid cartilage. 25 Emergency tracheostomy may be necessary when acute airway loss occurs in children younger than 10 years of age or children whose cricothyroid space is considered too small for cannulation, as well as in individuals whose laryngeal anatomy has been distorted by the presence of pathologic lesions or infection. 26 Percutaneous dilatational tracheostomy is the most commonly performed tracheostomy technique, yet it is High-resolution, stainless steel, malleable fiber-optic stylet that comes in a preformed J-shape. Has an adjustable tube stop and integral oxygen port for oxygen insufflation.
Similar to flexible FOB. Can be used alone or as an adjunct to laryngoscopy and is especially useful for those unable to maintain skills with a bronchoscope. 4 Adult (ETs ≥5.5 mm ID). Pediatric (ETs 2.5-5.0 mm ID).
Has the simple form of a standard stylet, plus the advantage of a fiber-optic view and maneuverability of its tip. Portable, rugged, and better maneuverability than the flexible FOB. Light sources include batterypowered (4 AA-size), fiberoptic light source, or green line laryngoscope handle with adapter.
Flexible Airway Scope Tool (FAST; Clarus Medical, Minneapolis)
Flexible stylet with a nondirectable tip.
Allows for visualization during intubation through ILMA or quick confirmation of SGA or ET placement.
This device has been modified with a tip that allows it to be used for nasal intubation-FAST Plus (Clarus Medical, Minneapolis).
Bonfils
Retromolar Intubation Fiberscope (Karl Storz Endoscopy, Tuttlingen, Germany/Culver City, Calif) High-resolution rigid fiberoptic stylet with a fixed 40-degree curved shape at the distal end. Available with and without a working channel for ease of cleaning. Available with a standard eyepiece or with a DCI for video.
Able to elevate a large, floppy epiglottis and navigate through the oropharynx of patients with excessive pharyngeal soft tissue.
3.5-and 5.0-mm OD. ET must be ≥0.5 mm larger to fit.
Fixed-shaped shaft with an adjustable eyepiece that allows ergonomic movement during intubation, in addition to an adapter for fixation of ETs and oxygen insufflation. Portable, rugged, and better maneuverability than the flexible FOB. Used with a batterypowered or fiber-optic light source.
Size
Clinical Applications A straight laryngoscope blade that continues to be modified in design; there has been a resurgence of interest in the routine use of this blade for tracheal intubation.
Special Features
Routine or emergency use for tracheal intubation.
Adult size only.
Modified MAC Blades
When used with the paraglossal technique, a better view is obtained by optimizing control of the soft tissues and improving the line of sight. 5 Has an improved tip and light, as well as a larger crosssectional area. Translaryngeal tracheostomy, a newer tracheostomy technique, is considered to be safe and cost-effective, and it can be performed at the bedside. 27 It may be beneficial in patients who are coagulopathic.
Surgical tracheostomy is more invasive, and should be performed on an elective basis and in a sterile environment.
Conclusion
Most airway problems can be solved with relatively simple devices and techniques, but clinical judgment born of experience is crucial to their application. As with any intubation technique, practice and routine use will improve performance and may reduce the likelihood of complications. Each airway device has unique properties that may be advantageous in certain situations, yet limiting in others. Specific airway management techniques are greatly influenced by individual disease and anatomy, and successful management may require combinations of devices and techniques. Useful in patients with limited mouth opening or head and neck movement, and anterior airways; obese patients; patients in whom an increased hemodynamic response is a concern; and for teaching purposes. Multi-use, latex-free, single-lumen silicon tube with oropharyngeal and esophageal low-pressure cuffs, 2 ventilation outlets, insertion marks, and a blind distal tip (almost like a single-lumen, shortened Combitube). 16 Single device that looks similar to a pen. At one end of the "pen" is a needle with a 9-Fr cricothyrotomy catheter. On the other end is a nasopharyngeal airway catheter.
Adjusts
Can be used for a needle cricothyrotomy, transtracheal jet ventilation, or as a nasal catheter.
Cricothyrotomy catheter: 6.0 cm. Nasopharyngeal catheter: 9.5 cm (7.0-mm ID).
The components require some preassembly. Once assembled, it is easy to transport to off-site locations and is intended for use in emergencies. The main body of the device acts as a blow tube or 15-mm adapter. Disposable.
Size
Clinical Applications
Special Features
All in One Adult (4.0-mm ID) and child (2.0-mm ID).
Packaged as a complete kit with everything needed to perform a percutaneous cricothyrotomyeven the necktape and connecting tube. The removable stopper is used to prevent a "toodeep" insertion and avoid the possibility of perforating the rear tracheal wall. The conical needle tip allows for the smallest necessary stoma and reduces the risk for bleeding. Easily transported to off-site locations. Disposable. 
Percutaneous Combination Percutaneous and Surgical
There is no special kit for a surgical cricothyrotomy. It is performed by making an incision through the cricothyroid membrane using a scalpel, followed by the caudad insertion of an ET. This is the most rapid technique and should be used when equipment for the less invasive techniques is unavailable and when speed is particularly important. Complete set with or without a tracheostomy tube.
Surgical
Melker
Establishes transcutaneous access to the trachea below the level of cricoid cartilage. Allows for smooth insertion of the tracheostomy tube over a Seldinger wire.
70.0 mm (7.0mm ID); 75.5 mm (8.0-mm ID); 81.0 mm (9.0-mm ID).
Packaged as a complete kit with everything needed to perform a percutaneous dilatational tracheostomy. The dilator is single-staged and prelubricated with an ergonomic handle to facilitate insertion. Disposable.
Percutaneous Dilatational
Surgical
Surgical tracheostomies are performed by making a curvilinear skin incision along relaxed skin tension lines between sternal notch and cricoid cartilage. A midline vertical incision is then made dividing strap muscles and division of thyroid isthmus between ligatures is performed. Next, a cricoid hook is used to elevate the cricoid. An inferior-based flap or Bjork flap (through second and third tracheal rings) is commonly used. The flap is then sutured to the inferior skin margin. Alternatives include a vertical tracheal incision (pediatric) or excision of an ellipse of anterior tracheal wall. Finally, the tracheostomy tube is inserted, the cuff is inflated, and it is secured with tape around the neck or stay sutures.
